Context: Posterior glenohumeral instability is poorly understood and can be challenging to recognize and evaluate. Using evidence-based clinical and predictive tests can assist clinicians in appropriate assessment and management.
P
osterior shoulder instability (PI) is less common than anterior instability. PI accounts for approximately 2% to 10% of all glenohumeral (GH) instability cases. [2] [3] [4] [5] 17, 19, 28 Presentation can often be vague, and given the overall lower incidence, when compared with other more common shoulder pathologies, it is a clinical diagnosis that is often overlooked. 26 A more recent study looking at a young, athletic population found that that the incidence of PI and combined instability could be as high as 40%. 29 This evidence suggests the need to develop strategies to interpret and combine diagnostic tests and subjective history to aid in the clinical diagnosis of PI and to establish pathways for management. 7, 22, 26, 31 Several anatomical features contribute to the stability of this mobile joint. 8, 9, 24, 30, 34 Efficient contribution from all dynamic and static stabilizers is vital in ensuring stability of the GH complex. 8, 9, 18, 24, 30, 34 GH retroversion is one risk factor that has been identified in the development of PI. 6, 10, 13, 20, 25 Additionally, individuals engaging in activities and tasks such as overhead throwing, swimming, volleyball, football, tennis, and weightlifting are at an increased risk of PI. 22, 26, 27, 31 These sports involve activities that consistently place the shoulder in flexion, adduction, and internal rotation and/or involve applied longitudinal or direct stress to the shoulder posteriorly. 7, 22, 23, 31 To date, no gold standard testing method has been established in the diagnosis of PI. Extrapolation of the literature can lead clinicians to believe that arthroscopic evaluation may be the best reference test; however, the need to identify key subjective findings and clinical tests that assist in a diagnosis may be more efficient. 14, 18 Given the myriad of structures that contribute to stability of the posterior GH joint, successful clinical diagnosis relies on a combination of patient history, physical examination, and symptom presentation. 11, 26 Taking into account the possible increased prevalence of posterior shoulder instability, 29 especially in the young, athletic population, the aim of this article is to systematically search and review the available literature to identify evidenced-based clinical tests that could be used in the diagnosis of PI. In addition, we aimed to evaluate predictive clinical tests that could be used to identify those patients with PI who are likely to respond to conservative management.
Methods

Literature Search
A comprehensive electronic bibliographic search was conducted using Embase, Ovid MEDLINE, PEDro, and CINAHL databases from their date of inception to February 2017. We used database-appropriate search terms to identify relevant articles involving diagnosis of posterior or posteroinferior shoulder instability. When appropriate, we modified the search terms and included specific known diagnostic test names to optimize the search strategy in individual databases. The search was limited to studies involving humans and to articles published in the English language. We reviewed the reference lists of potentially relevant articles and previously published reviews to ensure robustness of the initial search. The specific search strategy is listed in Figure 1 .
Study Selection
Two pairs of independent examiners screened the titles and abstracts of studies retrieved from the database search. We included studies for further review if they (1) reported on clinical diagnostic tests for posterior or posteroinferior instability of the GH joint, (2) assessed predictive clinical tests for posterior instability of the GH joint, and (3) were in English. All studies meeting the inclusion criteria, or marked uncertain, were obtained in full text and independently reviewed using the same criteria. Any discrepancies with respect to inclusion or exclusion between the reviewers were debated and, if consensus could not be reached, a third reviewer was available for final determination. An unweighted kappa was calculated for the titles, abstracts, and final full-text articles. The systematic review process is outlined in Figure 1 .
Risk of Bias Appraisal Tools
The internal validity of the eligible diagnostic studies was assessed using the modified QUADAS-2 (see Table A1 in the Appendix, available in the online version of this article). This tool appraised 4 bias domains: patient selection, index test, reference test, and flow and timing (see Appendix 1, available online). The domains of the tool were assessed with 1 to 3 signaling questions that were rated as low, high, or unclear risk of bias. Based on the answers to these questions, the overall risk of bias for the entire study was assessed using the same scale.
All reviewers completed a training session for the risk of bias assessment tool to standardize the interpretation of the tool.
Data Extraction
Two reviewers independently extracted data from eligible studies. Author names, study title, journal name, issue, and page numbers were collected for each article. Data extracted from the studies included patient demographics and characteristics, index/reference test details (name and description of test; see Appendix 2, available online), findings, and data available to calculate psychometric properties (see Table A2 in the Appendix, available online). Disagreements were resolved by consensus or communication with a third party.
Results
The initial search strategy yielded 1391 articles. Screening of titles and abstracts reduced the initial search to 108 articles. After full-text review, 7 diagnostic and predictive studies were considered eligible and were included in the systematic review. The unweighted kappa for the entire article selection process was 0.75.
Risk of Bias Appraisal Tools
Of the 7 included studies, 3 had a high risk of bias, 1 had a low risk of bias, and 3 were unclear based on the adapted QUADAS-2 (see Table A1 in the Appendix, available online). Reviewer agreement was high for the individual domain scores for each study, with complete agreement on the overall risk of bias on all 7 included studies. None of the studies had a low risk of bias for all 4 domains.
Data Extraction
These studies show that there is weak evidence to support the clinical diagnosis of PI using the tests evaluated (see Table A2 in the Appendix, available online). Of the 7 studies, 5 evaluated specific diagnostic tests for PI.
1,14,18,21,33 Kim et al 14 evaluated the jerk and Kim tests. Both the jerk and the Kim test were determined to have good psychometric properties. The Kim test was found to have a sensitivity of 80% and specificity of 94%. The reported diagnostic accuracy for the jerk test was a sensitivity of 73% and specificity of 98%. When the 2 tests were used in combination, the sensitivity increased to 97%. Two studies evaluated the prognostic application of the clinical tests that would identify cohorts of patients, with a diagnosis of PI, who would respond well to conservative management. 15, 32 Kim et al 15 reported that patients who presented with a painful jerk test had a higher failure rate to nonoperative care, and Von Tongel et al 32 reported that a positive hand squeeze test may be used to predict a patient's success with conservative management. Full-text articles assessed for eligibility n=108
Full-text excluded articles:
• Not primary studies looking at diagnostics of posterior shoulder instability n=101
Studies included in qualitative synthesis n=7 Diagnostic search strategy: 1. "shoulder" OR "shoulder dislocation" OR "glenohumeral" 2. "instability" OR "dislocation" OR "subluxation" 3. "sensitivity" OR "specificity" OR "validity" OR "predictive value of test" OR "probability" OR "likelihood ratio" OR "test" OR "tests A summary of the 7 studies including results and clinical utility is provided in Table A2 in the Appendix (available online).
discussion
The methodological quality of the included studies is extremely low, and this limits both the strength and the clarity of our recommendations.
Amadi et al 1 used a computational model to evaluate stresses on the structures of the GH joint, thus restricting its applicability. The findings from this study looked solely at the strain imparted to the anatomical structures in the absence of patient symptoms, which can limit its clinical application. The Kim and jerk tests were demonstrated to have good clinical utility. 14, 15 However, the patients included in those studies were predetermined to be surgical candidates, thereby increasing the risk of selection bias and possible inflated test sensitivity.
The posterior impingement sign has good psychometric properties. 18 Despite limitations with regard to sample population and size, this study showed that this test may be valuable to include in clinical examination, particularly with young, overhead athletes presenting with a noncontact injury.
Von Raebrox et al 33 found the posterior dimple sign was associated with PI; however, this study was underpowered for any strong clinical recommendations. Furthermore, the reference test used in that study was the jerk test, which has not been established as a gold standard in the diagnosis of PI. The control group that was selected may not have been appropriate as a comparison group given that they presented with lower extremity impairments and were not screened for PI with the same reference test.
Owen et al 21 assessed a population using the O'Brien test; these patients were suspected of having posterior labral tear and were scheduled for arthroscopic interventions, which introduced a potential for selection bias. Although information was provided on the timing between the reference and index tests, blinding of the assessors was not adequate and may have affected outcomes. The O'Brien test can have some clinical value, specifically when used in a young, noncontact population in overhead athletics with a high incidence of posterior labral tears.
The majority of cases within the studies in this systematic review were reported from secondary and tertiary centers, which are likely to encounter a population with chronic symptoms. Using these populations may have resulted in inflated psychometric properties. However, these patients may have been included purposely to ensure individuals with the condition.
conclusion
Given the weak evidence for any single clinical diagnostic test, clinicians must rely on a thorough history, including mechanism of injury and recognition of risk factors. Clustering of the jerk test, Kim test, posterior impingement sign, and O'Brien test may help paint a clearer clinical picture. This approach may be the best current diagnostic strategy available to clinicians. Recognized risk factors are pertinent to the clinical diagnosis of PI, including glenoid retroversion, 6, 10, 13, 20, 22, 25, 27 rotator cuff strength, 8, 12, 26 and GH joint laxity. 16 
